Objectives This study aims to assess the impact of response option order and question order on the distribution of responses to the self-rated health (SRH) question and the relationship between SRH and other health-related measures.
rather than following other domain-specific health items. Relatively little research examines the impact of these features of the measurement process on the distribution of responses to SRH and its association with the other domain-specific health items included in the survey.
Background
Both theory and research in survey methodology highlight the consequences of the order in which response options are presented. Research on response option order effects indicates that options near the beginning of the scale are more likely to be chosen, particularly the first response option that the respondent perceives to be acceptable [12] [13] [14] [15] . Reducing the attractiveness of the first option may have been a reason that Sudman and Bradburn [16] suggested beginning with the least desirable response option. The least desirable options for SRH are likely those that indicate worse health; however, most surveys begin with the most positive category regardless of the mode of administration. There is limited experimental evidence that concurrent validity is better when SRH is administered with the response options ordered from negative to positive [17] , although these results require replication because of the small sample size.
The placement of SRH relative to other health items may be consequential for respondents' answers and the validity of SRH. Keller and Ware [18] recommend asking SRH before questions about more specific aspects of health, so that respondents' answers to these domain-specific health items do not affect their SRH answers. To consider how SRH answers might be affected when SRH follows domain-specific health items rather than precedes them, we review two ways survey researchers think about question order effects: assimilation effects and contrast effects.
With an assimilation effect, the associations between SRH and domain-specific health items would be greater when SRH is administered after domain-specific health items compared to when SRH is administered before. This could occur if (1) the sequence of questions communicates that SRH should summarize or globally assess the more specific health information the respondent previously provided; (2) the sequence of questions provides a common definition of health for all respondents [19] ; (3) the sequence of questions activates a memory structure of beliefs, evaluations, and feelings about health which become salient when formulating an answer to the SRH question [20] ; or (4) the sequence of questions helps to define the SRH response scale in a similar way for all respondents [21] , reducing random error in responses and thus increasing the strength of estimated relationships. If a contrast effect occurred, the association between SRH and domain-specific health items would be smaller when SRH is administered after domain-specific health items compared to when SRH is administered before [20, 22, 23] . This might occur because respondents infer that SRH must be asking about something different from the health questions previously asked.
While previous studies examine how the placement of SRH with respect to specific questions about health affects the distribution of SRH answers [24] [25] [26] , these results do not indicate whether placing SRH after domain-specific health items elicits an assimilation or contrast effect. To our knowledge, no study has examined how the association between SRH and domain-specific health items changes depending on whether SRH precedes or follows these health items, yet this type of analysis is needed in order to determine whether assimilation or contrast effects occur. Such effects on the association between SRH and other health items have implications for many types of multivariable analysis in which SRH and other health items from the survey are modeled simultaneously, such as increasing the potential for multicollinearity when SRH and other domainspecific health items are included as independent variables in a model or attenuating the effects of other independent variables when SRH is the dependent variable.
A complication in the study of question order effects for SRH is that such effects may depend on the respondent's health status. For example, when SRH is asked after domain-specific health items, respondents who are generally in better health may report a higher health status after being ''reminded'' of the various domains in which their health is good; a respondent who repeatedly says ''no'' when asked about different health conditions, limitations, and poor health behaviors may conclude that they must be in good health for the purposes of the survey. Alternatively, respondents who report many health conditions, limitations, and poor health behaviors may report lower SRH after being reminded of the various domains in which their health is not good.
Overall, it is unclear whether response option order and question order work independently or together to affect SRH. These manipulations are critical to evaluate given the importance of this particular item and the fact that it is typically presented either before or after other questions about health in ways that may not be controlled or understood. Based on a review of the survey methodological literature, we hypothesize the following:
Hypothesis 1 We expect that the mean values of SRH will be higher (indicating better health) and the proportion in ''fair'' or ''poor'' health lower when the response options are ordered from ''excellent'' to ''poor'' compared to when they are ordered from ''poor'' to ''excellent.'' Hypothesis 2 Given that the wording of the SRH question uses the phrase ''in general,'' which invites a summary without pointing toward an explicit contrast with preceding questions, we expect assimilation effects to occur when SRH is administered after a set of domain-specific health items compared to when it is administered first. We hypothesize that the associations between SRH and each of the domain-specific health items will be stronger when SRH follows these more specific health items compared to when it precedes them.
Hypothesis 3
We expect that question order effects will depend on the respondent's health status: Those in better health will have more positively rated health when SRH follows a list of domain-specific health items compared to when SRH precedes such a list, while those in worse health will have more negatively rated health when SRH follows a list of domain-specific health items compared to when SRH precedes domain-specific health items.
Methods

Data
Data for the study come from Time-sharing Experiments for the Social Sciences (TESS). TESS is funded by the National Science Foundation as a mechanism for investigators to share resources in conducting peer-reviewed populationbased experiments (information on TESS is available here: http://www.tessexperiments.org). The data for this study were collected by the market research institute GfK in the KnowledgePanel online panel study, the target population for which is adults in the USA. Panel recruitment for GfK's KnowledgePanel is done using random digit dialing telephone methods and address-based sampling (summary available in [27] ). A random sample of 4,119 respondents was taken from GfK's KnowledgePanel. There were 2,696 responses to the invitation, yielding a final stage completion rate of 65.5 %. The recruitment rate for KnowledgePanel corresponding to the current study was 15.2 %, and the profile rate (of recruited households that successfully completed a profile survey) was 65.0 %, yielding a cumulative response rate with respect to the target population of 6.5 % [27] . (Additional information on KnowledgePanel's design is available here: http://www.knowledgenetworks. com/knpanel/docs/KnowledgePanel(R)-Design-SummaryDescription.pdf.)
The experiment follows a 2-by-2 factorial design in which participants are randomly assigned to one of two levels for each factor. For the first factor, the response options are ordered as ''excellent, very good, good, fair, or poor'' or ''poor, fair, good, very good, or excellent.'' For the second factor, the administration of SRH either precedes or follows the administration of the domain-specific health items. This leads to four experimental treatment groups: Treatment 1 shows the response options ordered from ''excellent'' to ''poor'' and presents SRH first, treatment 2 shows the response options ordered from ''excellent'' to ''poor'' and presents SRH last, treatment 3 shows the response options ordered from ''poor'' to ''excellent'' and presents SRH first, and treatment 4 shows the response options ordered from ''poor'' to ''excellent'' and presents SRH last. In the TESS administration of the survey, the response options are listed vertically on the screen.
Measures
In addition to SRH, each experimental treatment contains several items meant to cover a range of health domains: alcohol use, smoking, exercise, functional ability, health conditions, and perceived mental health (see the ''Appendix''). An index of current health risks was constructed by summing dichotomies of health risks derived from Questions 3 through 8 (Question 3: exercise less than once a week versus 1-2 times per week or more; Question 4: current smoker versus never smoked or former smoker; Question 5: had a work limitation versus not; Question 6: had an activity limitation versus not; Question 7: had a chronic condition versus not; and Question 8: felt irritable, anxious or depressed occasionally or more versus rarely or less). 1 
Analytic strategy
All analyses were conducted in Stata version 13.1. We use listwise deletion for analyses in which there is item nonresponse. The first hypothesis is that mean SRH will be higher (better) and proportion in ''fair'' or ''poor'' health lower when the response options are ordered from ''excellent'' to ''poor'' compared to when they are ordered from ''poor'' to ''excellent.'' To examine Hypothesis 1, we examine whether mean SRH or proportion in ''fair'' or ''poor'' health varies across (1) the response option order factor (''excellent'' to ''poor'' versus ''poor'' to ''excellent'') and (2) the experimental treatment groups. We treat SRH as a continuous variable with equidistant categories, as a continuous variable with varying distances between 1 Question 2, about alcohol consumption, is excluded from the index of current health risks. This question was included as part of the corpus to prime respondents in the conditions in which SRH is presented last to think of a range of health behaviors, conditions, and limitations, but cannot be used to reliably estimate behavioral risk given that the complex relationship between alcohol consumption and health cannot be assessed without additional data on the number of alcoholic drinks consumed daily [28] .
categories, and as a dichotomous variable coded as ''fair'' or ''poor'' versus ''excellent,'' ''very good,'' or ''good.'' We treat SRH as a continuous variable with varying distances between categories in two ways: first using values averaged across peer-reviewed studies of the scaling of verbal labels as presented by Krosnick [29] (''excellent'' = 94, ''very good'' = 81, ''good'' = 70, ''fair'' = 51, and ''poor'' = 21), then based on the values derived by Perneger et al. [30] (''excellent'' = 5, ''very good'' = 4.5, ''good'' = 3.7, ''fair'' = 2, and ''poor'' = 1). We examine these various versions of selfrated health given its use in studies as both a continuous variable and a dichotomous variable; varying distances between categories is a potential improvement over equidistant categories and retains more information than the dichotomous version. As this study is based on experimental data and because generalization about the population is not of interest, we conducted unweighted analyses to test for differences in means and proportions.
The second hypothesis is that the associations between SRH and each of the domain-specific health items will be stronger when SRH follows these more specific health items compared to when it precedes them. To examine Hypothesis 2, we compute the polychoric correlations between SRH and each of the domain-specific health items listed in the ''Appendix'' (using the polychoric command in Stata) across (1) the question order experimental factor (SRH before the domain-specific health items versus after) and (2) the experimental treatment groups. Dichotomous variables for this analysis include Question 4 (current smoker versus never smoked or former smoker) and Questions 5-7 (yes versus no); categorical variables include SRH (Question 1 with response options coded as listed in the ''Appendix''), Question 2 (0, 1-10, and 11 or more days), Question 3 (response options coded as listed in the ''Appendix''), and Question 8 (response options coded as listed in the ''Appendix,'' with ''almost always'' and ''often'' combined into one category given that less than 2 % of respondents reported ''almost always''). Tests of whether the correlations between SRH and each domain-specific health item are significantly different across the question order experimental factor and experimental treatments were conducted on quantpsy.org using Fisher's r-to-z transformation [31] . We note that this method for testing the difference in correlations across two independent samples is used for Pearson's r and is untested in the literature with respect to polychoric correlations. The results of these tests for significant differences in the polychoric correlations should thus be considered preliminary.
The third hypothesis is that question order effects will depend on the respondent's health status. We examine Hypothesis 3 by analyzing differences in mean SRH and proportion in ''fair'' or ''poor'' health within levels of the index of current health risks across (1) the question order experimental factor and (2) the experimental treatment groups. We present unweighted analyses to examine Hypotheses 2 and 3 since the goals of these analyses are not to represent the population but to understand the role of question order and response option order in influencing the relationship between domain-specific health items and SRH.
Results
We examine whether the distribution of responses to SRH varies across the order of the SRH response options (''excellent'' to ''poor'' versus ''poor'' to ''excellent'') and SRH's placement (before versus after a set of domainspecific health items) in a 2-by-2 factorial experiment. Table 1 shows weighted and unweighted descriptive characteristics for the study sample, as well as the final sample size for SRH and each domain-specific health item. Table 2 presents the unweighted distributions of SRH within the experimental factors and experimental treatments (the weighted distributions of SRH are remarkably similar to the distributions in Table 2 ). Overall, the distribution of SRH varies across the experimental treatments (likelihood-ratio Chi-square (df 12) = 30.40, P = 0.002). Examining the distribution of SRH across each of the experimental factors suggests that ''good'' and ''fair'' are more likely to be chosen and ''very good'' is less likely to be chosen when the response options are ordered from ''poor'' to ''excellent'' compared to ''excellent'' to ''poor.'' ''Very good'' and ''good'' appear to be slightly less likely to be chosen and ''fair'' is more likely to be chosen when SRH is administered after other health items compared to before. (A test of the interaction between experimental factors is not statistically significant.) Across the experimental treatment groups, most of the differences in the distribution occur in the middle three categories, in which ''fair'' is less likely to be endorsed and ''very good'' is more likely to be selected in the standard presentation of SRH (treatment 1: response options ordered from ''excellent'' to ''poor'' and SRH presented first) compared to the other treatment groups.
The first hypothesis is that mean SRH will be higher (better) and proportion in ''fair'' or ''poor'' health lower when the response options are ordered from ''excellent'' to ''poor'' compared to when they are ordered from ''poor'' to ''excellent.'' We examine whether mean SRH and the proportion of ''fair'' or ''poor'' answers depend on the order in which the response options are given in Table 3 . Looking first at the response option order experimental factor, mean SRH is slightly higher (better) and the proportion of ''fair'' or ''poor'' answers slightly lower when SRH is ordered ''excellent'' to ''poor'' compared to ''poor'' to ''excellent''; these differences are statistically significant when SRH is treated as an equidistant continuous measure as well as using the varying distances from Perneger et al. [30] . Examining the results by experimental treatment group, we see that this pattern is particularly strong when SRH is presented first: Mean SRH is slightly higher and the proportion of ''fair'' or ''poor'' answers slightly lower with treatment 1, the standard presentation of SRH (''excellent'' to ''poor'' and before other health items) compared to treatment 3 (''poor'' to ''excellent'' and before other health items); these differences are statistically significant for all operationalizations of SRH, with the exception of proportion in ''fair'' or ''poor'' health. Overall, mean SRH is higher and proportion in ''fair'' or ''poor'' health lower with the standard presentation of SRH (treatment 1) compared to treatments 2, 3, and 4. The results are partially consistent with Hypothesis 1: SRH is more concentrated at the positive end of the scale when the response options are ordered from ''excellent'' to ''poor'' compared to when they are ordered from ''poor'' to ''excellent,'' particularly when SRH is presented first. Hypothesis 2 states that the associations between SRH and each of the domain-specific health items will be stronger when SRH follows these more specific health items compared to when it precedes them. Table 4 shows that the placement of SRH with respect to domain-specific health items (before versus after) plays a role in the association between the domain-specific health items and SRH. The first two columns of Table 4 show the correlation between each question and SRH across the question order experimental factor. Consistent with the expected assimilation effect, many of these correlations are larger when SRH is presented last compared to first, with significant differences in correlations across question order with Questions 6, 7, and 8. Examining the correlations across experimental treatments shows that these question order effects are particularly pronounced when SRH is ordered from ''excellent'' to ''poor'' (comparing treatments 1 and 2), with the exception of Question 4. In particular, SRH is more highly correlated with the domain-specific health items asked about immediately before (Questions 5-8) the SRH question when SRH is administered last (treatment 2) compared to first (treatment 1). It is interesting to note that Questions 5-8 ask for respondents' perceptions of whether they fit into a particular health state as opposed to questions about behaviors like Questions 2-4, with the former arguably more similar to SRH than the latter. In contrast, there is no discernible question order effect when the response options are ordered ''poor'' to ''excellent'' (comparing treatments 3 and 4). Thus, Hypothesis 2 is partially supported, in that the results are consistent with the hypothesized question order assimilation effects when SRH is ordered from ''excellent'' to ''poor'' (but not ''poor'' to ''excellent'').
Hypothesis 3 states that question order effects will depend on the respondent's health status: Those in better health will have more positively rated health when SRH follows a list of domain-specific health items compared to when SRH precedes such a list, while those in worse health will have more negatively rated health when SRH follows a list of domain-specific health items compared to when SRH precedes domain-specific health items. Table 5 examines mean SRH (5 = ''excellent'' to 1 = ''poor'') and proportion in ''fair'' or ''poor'' health within groups of current health risks across (1) the question order experimental factor and (2) the experimental treatment groups (results are comparable using the scale values of the verbal labels and are available upon request). For those with 0, 1, 2, or 3 current health risks, mean SRH does not significantly differ across question order, yet there is a significant difference in mean SRH when SRH is presented first compared to last with 4 or more current health risks; mean SRH is lower (worse) when SRH is presented last compared to first. There is a significant difference in proportion of respondents in ''fair'' or ''poor'' health for those with one current health risk, in which the proportion in ''fair'' or ''poor'' health is higher when SRH is presented last compared to first. (The difference in proportion ''fair'' or ''poor'' health across question order for those with four or more current health risks is marginally significant.) Examining the differences in mean or proportion across experimental treatment groups within a level of current health risk shows that with little exception, mean SRH is highest and proportion in ''fair'' or ''poor'' health is lowest with treatment 1, the standard presentation of SRH (response options ordered ''excellent'' to ''poor'' and SRH presented first) compared to the other experimental treatment groups. Among respondents with no current health risks, mean SRH and proportion in ''fair'' or ''poor'' health do not differ significantly across the four experimental treatments. Among respondents with 4 or more current health risks, however, mean SRH is higher (better) and the proportion in ''fair'' or ''poor'' health lower with treatment 1 compared to treatments 2, 3, and 4; these differences are statistically significant for all but one comparison. Overall, Hypothesis 3 is partially supported, in that there are conditional effects of question order for those with the highest level of current health risks (but not the lowest): Higher mean SRH and lower ''fair'' or ''poor'' health occurs with the standard administration of SRH (presented first and ordered ''excellent'' to ''poor'') compared to the other treatment groups.
Discussion
This study documents how response option order and question order work independently and together to influence SRH, and is the first to do so with an experimental design. Overall, the results depend on the interplay of question order and response option order, with hypotheses about one experimental factor being partially supported depending on the level of the other experimental factor.
With respect to Hypothesis 1 (that mean SRH will be higher and proportion in ''fair'' or ''poor'' health lower when the response options are ordered from positive to negative), we find evidence that mean SRH is slightly higher (better) when SRH is ordered from ''excellent'' to ''poor.'' When we look across experimental treatments, mean SRH is higher and proportion in ''fair'' or ''poor'' health lower with the standard presentation of SRH (treatment 1: response options are ordered from ''excellent'' to ''poor'' and SRH is presented first) compared to the other experimental treatments, with many of these differences reaching statistical significance. The pattern of results is consistent across versions of SRH (continuous and equally spaced, continuous with varying distances between categories, or dichotomous), indicating that the implications of question order and response option order for the distribution of SRH are the same regardless of the version used.
One interpretation of these results is that ordering the SRH response options from ''poor'' to ''excellent'' increases the likelihood that respondents consider some of the less desirable response options-that is, those that indicate worse health-in making their assessment rather than choosing the first answer that is perceived to be acceptable [14, 15] . While reducing the attractiveness of the first response option has been suggested as desirable for survey questions [16] , more research is needed to strengthen a recommendation to do so for SRH. Because the data come from an online survey in which the questions are presented visually, future research should examine which order of response options gives results that are consistent across self-administration and intervieweradministration, because aural presentations of items are associated with recency effects in which respondents are more likely to endorse response options presented at the end of the list [20] . In addition, previous research suggests that ordering response options from negative to positive may increase measurement error [32] , although this research uses items in which the negative to positive ordering goes against conversational norms (''against or for'' compared to ''for or against'') in a way that is not comparable to SRH.
Our study also finds evidence that placing SRH after domain-specific health items leads to an assimilation question order effect for many items (evidenced by correlations between SRH and domain-specific health items that are larger when SRH is presented last compared to first). These assimilation effects are particularly pronounced when the response options are ordered from ''excellent'' to ''poor'' and do not appear consistently when the response options are ordered from ''poor'' to ''excellent.'' Finally, there are conditional question order effects for respondents with the highest number of current health risks, consistent with the idea of a priming mechanism in which respondents who have worse health adjust their assessment of their health downward after being reminded of the various domains in which their health is not good. Across experimental treatment groups for respondents with four or more current comorbidities, it appears that mean SRH is highest and proportion in ''fair'' or ''poor'' health the lowest in treatment 1 (''excellent'' to ''poor'' and presented first) compared to all other experimental treatments.
These assimilation question order effects have important implications for research practice, in particular with respect to multivariable analyses that incorporate both SRH and other health items. We suggest that researchers use a version of SRH that presents SRH first, because the context provided by domain-specific health items leading to these question order effects may vary across studies. For example, the health context in this study consists of seven items meant to prime respondents to think of a range of health behaviors, conditions, and limitations in the experimental treatments in which these health items preceded SRH. This health context is different from that in the California Health Interview Survey used by Lee et al. [33] , in which SRH is asked after questions about (1) specific health conditions or (2) mental health assessment and service utilization questions. It is interesting to note that with respect to better health, the current study finds that respondents with 4 or more current health risks have significantly higher mean SRH when SRH is presented first compared to last (and respondents with 1 current health risk have significantly lower proportion or ''fair'' or ''poor'' health when SRH is presented first compared to last), while Lee et al. [33] find that those with one (English and Spanish speaking) or two (Spanish speaking) current comorbidities have a higher proportion of positive health ratings when SRH is presented last compared to first. While the conflicting results in the two studies could be driven by several factors, it raises the question of whether the different health contexts in each of the studies produce different patterns of the association between SRH and current health risks. Varying results could also occur if the distribution of the specific health conditions asked about varies across study populations. In particular, if respondents interpret preceding health items as questions to use in defining overall health, and the health conditions asked about are not those that occur in the study population, the accuracy of SRH as a summary measure may be reduced. These issues are particularly important for comparability of health estimates derived from SRH across studies in which SRH is preceded by different sets of health items.
What do the results of this study indicate with respect to the validity of SRH? Lee and Schwarz [19] find that differences in the ability of SRH to predict mortality across white non-Hispanics and Hispanics/Latinos are attenuated by preceding SRH with other health items. Thus, it is plausible that preceding SRH with other health items provides a common referent for respondents, diminishing differences in how SRH is interpreted and thus increasing the predictive validity of SRH with respect to mortality. However, it is unclear whether mortality should be considered a gold standard criterion for SRH given its limited utility as criterion at younger ages, debate as to whether SRH represents an enduring self-concept or spontaneous assessment [34] , and debate as to whether a criterion for perceptions of health exists [35] [36] [37] . If the goal is for SRH to capture perceptions of health rather than function as a summary measure of more objective health measures, it may be problematic to deliberately influence the health referents used by different groups: doing so may diminish the between-group discrepancies in the factors that influence global health assessments-such as definitions of health and peer comparisons-that are precisely of interest. Overall, whether SRH is more valid when presented after domain-specific health items depends on the criteria used to examine validity and the stated purpose of SRH.
Conclusion
The results presented here are from one online survey of a panel sample, and more research is needed on the optimal way to present SRH using a range of populations, modes, and criteria for assessing validity. We suggest the following for future research: (1) ordering the SRH response options from ''poor'' to ''excellent'' in self-administered questionnaires given the tendency for SRH to cluster toward the positive end of the scale when positive response options are offered first and SRH is presented before other health items, (2) examining the impact of where SRH is placed with respect to domain-specific health items and the impact of the number, content, and order of those items on the distribution of SRH and its association with the domain-specific health items, (3) comparing how varying question order and response option order affects SRH across interviewer-administered and self-administered questionnaires, (4) comparing how the presentation of the response options (vertical or horizontal) affects SRH in self-administered instruments [38] , and (5) examining how the effects of response option order and question order on SRH vary across sociodemographic covariates. 
